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Introduction
The ISIS Pulsed Neutron and Muon Source is based at the STFC Rutherford Appleton Laboratory, Oxfordshire, UK. It consists of three accelerators, two neutron target stations and two muon intermediate target stations [1] . These target stations serve around 28 neutron instruments and eight muon experimental areas (figure 1). The two muon targets serve the muon experimental areas by inserting a target into the proton beam. The first (chronologically) target station is a thin carbon target placed some 20 m in front of the neutron target station 1. The second target station is a dipping titanium target inserted into the proton beam, within the synchrotron, for the final millisecond of the acceleration process.
This paper describes, briefly, the ISIS accelerator and the muon areas available at ISIS. 
The ISIS accelerators
The ISIS consists of three main accelerators, namely a Radio Frequency Quadrupole (RFQ), a linear accelerator and a synchrotron. The ion source consists of a caesium/hydrogen plasma that produces H − ions. The RFQ accelerates them to 665 keV [2] . The next stage is the linear accelerator, which accelerates these ions to 70 MeV via four radio frequency tanks and drift tubes. These H − ions are then transported to the synchrotron whereupon injection they pass a thin carbon stripping foil. This foil is 0.3 µm thick and removes the two electrons leaving just a proton. Once within the synchrotron, the energy of these protons is increased to 800 MeV and split into two orbiting bunches. These bunches are then extracted down to the neutron target stations, four accelerator spills (each containing two bunches) go to the first target station and then a single spill goes to the second target station. Each spill has a repetition frequency of 50 Hz [1] . Some 20 m in front of the first neutron target station is a muon target. This target consists of a carbon target set at 45°and is 10 mm thick to the proton beam [3] . The proton beam interacts with the graphite target such that pions are produced, these pions decay into muons after 26 ns. Each spill from the accelerator produces two pulses of pions/muons; each pulse has an FWHM of 70 ns and they are separated by 320 ns. The muon target takes approximately 5% of the proton beam. These pulses feed the European Commission (EC) Muon and the RIKEN-RAL facilities. There is an additional muon target within the synchrotron itself. For the last millisecond of the proton acceleration cycle, this feeds the Muon Ionization Cooling Experiment (MICE) experimental hall. Figure 2 shows a schematic of the EC Muon beamline. This beamline is a fixed momentum, 28 MeV c −1 (or the energy is 3.8 MeV) tuned for maximum rate from the production of surface muons, produced by the decay of pions stopped in the target [3] . The beamline starts with a triplet of quadrupole magnets to collect muons from the target in the proton beam [4, 5] . The muon beam is then bent 90°via two dipole magnets. In between these magnets are another triplet of quadrupole magnets and a set of momentum slits. These slits ensure a fixed momentum beam, with a spread of 2%, results after the 90°bend. After the bend the beam is refocused by another triplet of quadrupole magnets, where it enters the separator. The separator 'cleans' the muon beam by having a cross B-and E-field set to allow only muons through. This ensures any positrons and other particles that have the same momentum as the required muons, but a different velocity, are removed. The beam then goes through to the electro-static kicker [6, 7] . The kicker consists of three plates, the thin centre plate has +37 kV while the other two are grounded. The resulting E-field deflects the muons in the first pulse to the instrument areas EMU and HiFi, according to which side of the centre plate they pass. Once the first pulse goes through, the voltage is dropped to zero in less than 100 ns. This allows the second pulse to go through to the MuSR 
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The RIKEN-RAL Muon facility
The RIKEN-RAL Muon facility is shown in figure 3 [8] . Closest to the muon target are two quadrupoles which focus the beam into the first bending magnet, or as labelled the pion injector. This highlights that the most significant difference of these beamlines is the inclusion of a superconducting solenoid. This allows pions extracted from the muon target to decay in-flight with the resulting muons remaining confined in the beam. This is a so-called decay channel. As such, the momentum of the muon beam can be adjusted from approximately 17 MeV c −1 up to 120 MeV c −1 , currently limited to 90 MeV c −1 due to technical limitation. In addition, this allows for the extraction of both positive and negative muons. After the solenoid are more focusing quadrupoles and then a magnetic kicker. Unlike the EC muon facility, these magnetic kickers are designed for kicking high momentum beams, up to 50 MeV c −1 . The muon beam is then transported to the various beam ports. Clearly, the muon intensity will vary as a function of momentum and the muon rate (taken from Matsuzaki et al. [8] ) as a function of momentum is shown in figure 4 . The beamline can also be tuned to extract surface positive muons at higher flux. On the RIKEN-RAL facility, there are four ports which are used for different activities. Port 1 was originally used for muon catalysed fusion and is now being developed for a proton radius experiment and elemental analysis. Port 2 is a muon spin relaxation/rotation/resonance (µSR) spectrometer for, mainly, condensed matter research. The higher momentum can allow muons to penetrate into pressure cells. Port 3 is used for the development of a slow muon facility, which would enable the muon to probe the surface of materials, so the muon momentum would be of keV rather than MeV. Port 4 has a µSR spectrometer similar to that of port 2. However, the area is also used for elemental analysis and muon irradiation of electronics components. Each of these ports can either receive a single pulse or a double pulse, with either one area taking the whole double pulse beam or two areas taking a single pulse each, at the same momentum.
The MICE Muon beamline
The MICE Muon beamline [9] is a dedicated transfer line to transport pions, and following decay, muons, from the ISIS synchrotron. The muons were delivered to MICE where they were used to develop ionization cooling, a novel beam physics technique that can be used to provide highquality beams for muon-based accelerator facilities such as a neutrino factory or muon collider.
The MICE Muon beamline starts with a titanium target that dips into the ISIS beam in the synchrotron at a rate of 0.8 Hz. In order to get a high pion yield with relatively low losses, it is desirable to insert the target only during the high energy part of the synchrotron cycle. Because the physical size of the beam reduces during the acceleration cycle, extremely high accelerations (800 m s −2 ) are required to project the titanium target into the ISIS beam. These accelerations are achieved using a linear motor actuating a shaft coated in diamond-like graphite and mounted on precisely aligned Vespel polymer bearings.
The resultant pions are transported through a quadrupole triplet, into a dipole where a first momentum selection is performed ( figure 5 ). The pions are transported through a 5 T superconducting solenoid, where a significant proportion decay. A second dipole performs a momentum selection of the resultant muons. By selecting muons arising from forwards or backwards decay in the pion's rest frame, a beam with different rate and muon purity can be chosen.
A pair of quadrupole triplets transports the final beam to MICE. Two time-of-flight hodoscopes and a pair of threshold Cherenkov detectors are used to reject pions on a particle-by-particle basis. A diffuser in the upstream region of MICE introduces scattering into the beam to increase the beam emittance.
Pure muon beams were produced with momenta in the range 140-240 MeV c −1 and momentum spread of approximately 20-25 MeV c −1 . A full table of the parameters of measured, pure muon beams is shown in [10] and the measured impurity is listed in [11] . The rate was limited by activation of the ISIS synchrotron. Rates of 20 muons per target dip have been achieved. Mixed muon and pion beams were produced with momenta in the range 140-400 MeV c −1 . Rates of around 100 particle triggers per target dip were typical. At lower momenta, pions are readily rejected using the time-of-flight method.
Summary
In summary, we have reviewed the muon facilities at the ISIS pulsed neutron and muon source. The facility has three muon facilities: namely the EC Muon, MICE and RIKEN-RAL. Each has unique characteristics which complement each other and can serve a wide variety of science.
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